Introduction
Leprosis is one of the most important viral diseases in the Brazilian citrus production, caused by citrus leprosis virus C (CiLV-C) that is transmitted by the mite Brevipalpus spp. (Acari: Tenuipalpidae) [4, 22] . Recent taxonomic revision of the B. phoenicis group included several new morphological parameters and redefined the group into eight species [5] . So far, only B. yothersi and B. papayensis have been reported in main citrus production areas in Brazil [29] , whereas B. phoenicis stricto sensu has been reported only in backyard citrus plants in São Paulo state [21] .
Different viruses associated with Brevipalpus spp. and causing leprosis-like symptoms (chlorotic or necrotic localized lesions in citrus leaves, stems, and fruits) have been reported in citrus in Brazil [13, 21] , Panama [11] , Mexico [9, 25] , Colombia [26, 27] and Hawaii [17] . However, in most places-and particularly in Brazil-the prevalent and most important leprosis-inducing virus is CiLV-C [14, 20] .
This virus presents low genetic variability, with only two different phylogenetic clades, one originally found in Cordeirópolis, city in the São Paulo (SP), Brazil (CRD), detected from Mexico to Argentina, and the infrequent isolate from São José do Rio Preto, SP, Brazil (SJP) with reports only in the central-northern region of São Paulo State, Brazil, naturally infecting sweet orange and Commelina benghalensis plants [18, 20] . Under laboratory conditions, B. yothersi can transmit both isolates to sweet orange plants with * 90% of efficiency [20] .
It is known that sweet oranges (Citrus sinensis L. Osbeck) are more susceptible to leprosis than mandarins (C. reticulata Blanco) [2] . Lemons [C. limon (L.) Osbeck], and limes [C. aurantifolia (Christmann) Swingle] are considered resistant to the virus [12] . However, few studies have assessed the response to leprosis extensively, and most of them were based solely on field observations. In fact, investigating the incidence and severity of leprosis in other citrus genotypes could strategically (i) clarify the importance of these plants in the disease epidemiology, (ii) determine which genotypes are susceptible to the virus and, consequently, expand the available information on the host range within the Rutaceae family, (iii) serve as important source of information for countries that produce other citrus genotypes but are still free of the disease, and (iv) identify possible sources of genetic resistance that can be used in breeding.
There are still many unsolved questions regarding the inheritance of leprosis resistance. Crosses between resistant and susceptible genotypes resulted in hybrids which generated F 1 (first generation progeny) with a Mendelian segregation ratio, and studies with QTLs (Quantitative Trait Loci) indicated that few genes were involved in the resistance [2, 3] . This paper reports the results of a largescale screening for CiLV-C resistance in several citrus genotypes, indicating the presence of potential candidates for future breeding programs aiming for resistance towards leprosis.
Materials and methods

Genotypes
In total, 160 accessions from the citrus germplasm collection of the Centro de Citricultura Sylvio Moreira/Instituto Agronômico de Campinas (CCSM/IAC, Cordeirópolis, SP, Brazil) were evaluated for leprosis resistance/susceptibility, including 85 common mandarins (Citrus reticulata), 23 willowleafs (C. deliciosa), 16 tangors (C. reticulata 9 C. sinensis), six satsumas (C. unshiu), four clementines (C. clementina), three sour oranges (C. aurantium), one lemon (C. limon), three pummelos (C. grandis), three grapefruits (C. paradisi), six tangelos (C. reticulata 9 C. paradisi), four rootstock mandarins (C. sunki and C. reshni), two kumquats (Fortunella spp.) and two limequats (lime vs kumquat hybrids). Two sweet orange (C. sinensis) accessions were used as controls of inoculation since all accessions of this species are considered susceptible to leprosis [19] .
Mites and virus inoculation
Citrus seedlings were maintained in small pots with an appropriate substrate on greenhouse conditions, in the CCSM/IAC, throughout the experiment. B. yothersi, viruliferous for CiLV-C isolate São José do Rio Preto (SJP), were used to inoculate 6-month-old seedlings (about 20 cm). These mites were reared onto symptomatic sweet orange fruits and confirmed to be viruliferous by RT-PCR, following the protocol reported by Kubo et al. [15] . Five viruliferous mites were transferred to each seedling, with three to five repetitions (seedlings) per genotype, as described by Rodrigues et al. [24] .
Disease evaluation
The incidence of leprosis symptoms was monitored weekly and evaluated at 90 days after mites infestation. The infection was assessed through the identification of the typical symptoms of the disease: localized chlorotic or necrotic spots on the leaves and stems. Disease incidence was obtained by the number of symptomatic plants/infested plants.
Severity was evaluated through the average of the three to five plants of each genotype using a descriptive scale developed by Rodrigues [19] , where 0 = no lesions; 1 = few lesions in any organ, restricted to a section of the plant; 2 = lesions in more than one organ and/or distributed in more than one section of the plant; 3 = abundant lesions in all organs and evenly distributed in the plant; 4 = abundant lesions (all over the plant) and leaf or fruit drop; and 5 = the same as 4, with the addition of dieback.
RT-PCR assays
Symptomatic and non-symptomatic leaves from one representative of each group (mandarin and hybrids, sweet orange, sour orange, and lemon) were analyzed by RT-PCR using primers that specifically amplify part of the putative coat protein (p29) gene of CiLV-C [16] . The assays were performed using three to five replicates of each genotype, according to methodology described by Locali et al. [16] .
Results and discussion
Of the 160 accessions evaluated, 148 (92.50%) exhibited leprosis symptoms in leaves and/or stems, regardless of severity. As expected, most citrus genotypes were susceptible to CiLV-C.
Incidence and severity of leprosis disease in mandarins and hybrids
Not only the sweet orange accessions were highly susceptible to leprosis, but also several mandarin genotypes of different species (C. deliciosa, C. reticulata and C. clementina) were symptomatic for the disease. These data corroborate those obtained by Bastianel et al. [3] , who reported that, although often considered resistant, some mandarins are susceptible to CiLV-C. In this study, all of the 23 willowleaf mandarins (C. deliciosa), six satsumas (C. unshiu) and four clementines (C. clementina) tested exhibited conspicuous leprosis symptoms after mite inoculation, some cases with high susceptibility (Table 1) . Additionally, only five out of the 85 common mandarins (C. reticulata) tested, IAC 574, Dieberger IAC 456, Mel IAC 205, Shikai IAC 551 and Yousself Efendi IAC 501, remained asymptomatic throughout the experiment (Table 1) . Other common mandarin genotypes exhibited variable severity scores when evaluated with the descriptive scale above described, ranging from 0.3 (few symptoms) to 3.3 (highly symptomatic) (Table 1) . Altogether, this does not only point out to heterogeneity in the response of different mandarin groups to leprosis but also indicates that mandarins are overall less resistant than originally suggested. Interestingly enough, within the mandarins, symptoms in the field tend to be less evident and concentrated in leaves rather than in fruits or stems, as often occur with sweet oranges [3] . This characteristic may lead to a decreased time of available source of inoculum in the field, less attraction of the lesions to the vector (since Brevipalpus mites reach higher population densities on fruits and stems than on leaves) and less damage to the plant. Consequently, this could explain at least part of the reduced losses associated with leprosis observed in mandarin orchards.
In the group of mandarins and their hybrids, Murcott is one of the most widely cultivated and consumed in Brazil. It is also known as highly resistant to leprosis [2, 4, 23] and, hence, it has been used in our breeding program as the parental line for leprosis resistance. Similarly to what has been reported to Murcott, two tangor accessions (Temple IAC 200 and Temple IAC 247) exhibited resistance to leprosis in our trial (Table 1 ). Other tangors, Incidence (I) is the number of the symptomatic plants/total plants. Severity (S) is the average values of notes assigned to each plant, according to the descriptive scale developed by Rodrigues [19] however, displayed susceptible reactions, with severity scores ranging from 0.3 to as high as 3.4 (Table 1) . This difference in susceptibility to leprosis is most likely related to the response of their parental lines. While there is no report of sweet orange genotypes resistant to CiLV-C [4] , there are genotypes within the group of the mandarins with high levels of resistance, as previously reported [3] and observed in this work (Table 1) .
Leprosis disease in other citrus groups
Among the 42 other citrus genotypes tested, only lemon Meyer IAC 627 (C. limon), grapefruit Royal IAC 314 (C. paradisi), Minneola IAC 224 tangelo, two sour orange and two Temple tangor (mandarin 9 sweet orange hybrid) accessions remained asymptomatic 90 days after inoculation (Table 2 ). There are no confirmed reports of leprosis infecting lemons in the field, although Bitancourt [6] observed leprosis-like symptoms many decades ago in lemon trees. Since then, neither field observations nor experimental trials have suggested that C. limon might be a host of CiLV-C. Melzer et al. [17] identified leprosis-like symptoms in C. volkameriana in Hawaii caused by Hibiscus green spot virus 2 (HGSV), the type member of the genus Higrevirus that share some characteristics with the cileviruses such as CiLV-C. Roy et al. [28] reported that lemons, in addition to other six species of Citrus spp., are natural hosts of orchid fleck virus (OFV) strain citrus, previously known as citrus leprosis virus nuclear type [1, 10] causing leprosis-like symptoms in Mexico. Similarly, to our knowledge, there are no confirmed reports of CiLV-C infecting grapefruits, although such species is a reported host of OFV-citrus in Mexico [28] and of a different virus reported in Brazil more than 40 years ago causing leprosis-like symptoms by Kitajima et al. [13] . Such virus is likely citrus leprosis virus N, recently sequenced and characterized by Ramos-González et al. [21] .
Two accessions of sour orange (C. aurantium), Azeda IAC 245 and Spanish Italian IAC 246, remained asymptomatic throughout the experiment. However, within this citrus group, there are previous reports of susceptibility to leprosis [6, 7] , indicating variability amongst genotypes, as observed for the tangors and the mandarins.
Molecular diagnostic
The results of the RT-PCR assays confirmed those obtained by phenotypic evaluation which amplify specifically part of the putative coat protein (p29) gene of CiLV-C on the symptomatic leaves from accessions representatives of each group (mandarin and hybrids, sweet orange, sour orange, and lemon) (Fig. 1) . [19] Citrus leprosis resistance within the citrus group 495
The implication of the leprosis occurrence in different citrus groups
In this work, susceptible genotypes were observed in most citrus groups. For satsumas, pummelos (C. maxima), kumquat (Fortunella spp.) and its hybrid, to the best of our knowledge, this is the first report of the disease caused by CiLV-C. These results support the potential importance of the leprosis disease to areas where citrus genotypes, other than sweet oranges, are cultivated. Sunki and Cleopatra mandarins (C. sunki and C. reshni) were also susceptible to leprosis. However, the disease impact on these species should not be comparable to that caused in other citrus species, due to their use as rootstocks in commercial orchards.
Mites were able to not only feed on but also colonize all plants tested in the experiment. The abundant mite colonization in all genotypes strongly suggests that the asymptomatic plants were indeed resistant to CiLV-C. In this context, Bastianel et al. [2] and Freitas-Astúa et al. [12] observed no correlation between the number of mites and leprosis lesions in citrus and their hybrids. While there was a broad range of response to the disease, no variation in the susceptibility to mite colonization was observed amongst different genotypes (data not shown). However, those are indirect observations and specific studies on mite colonization and biological parameters of the vector should be addressed for an unequivocal comparison between genotype preferences and correlation with CiLV-C transmission and symptom development. Regardless of the disease, our results confirm that B. yothersi is well adapted to the citrus group [5] . Most of the citrus genotypes tested here are not listed as hosts for the mite in the compilation organized by Fig. 1 Childers et al. [8] or Beard et al. [5] , which suggests that its host range can be significantly broader than reported.
This study identified promising genotypes, which can be incorporated in citrus breeding programs aiming to obtain varietal resistance. Genetic breeding is an approach to reduce the excessive use of pesticides to control the vector and is extremely desired. On the other hand, the identification of genotypes susceptible to leprosis in other citrus groups and genera suggests that the disease can become a concern once it reaches originally indene areas, even where genotypes other than sweet oranges are cultivated.
